Abstract. Erythropoietin (Epo), granulocytemacrophage colony-stimulating factor (GM-CSF) and granulocyte colony-stimulating factor-(G-CSF) dependent cell lines have been derived from the murine hematopoietic cell line 32D with a selection strategy involving the culture of the cells in FBS-deprived medium supplemented only with pure recombinant Epo, GM-CSF, or G-CSF. The cells retain the diploid karyotype of the original 32D clone, do not grow in the absence of exogenous growth factor, and do not induce tumors when injected into syngeneic recipients. The morphology of the Epo-dependent cell lines (32D Epol, -2, and -3) was heterogeneous and evolved with passage. The percent of differentiated cells also was a function of the cell line investigated. Benzidinepositive cells ranged from 1-2% (32D Epo3) to 50-60% (32D Epol). These erythroid cells expressed carbonic anhydrase I and/or globin mRNA but not carbonic anhydrase II. The GM-CSF-and G-CSF-dependent cell lines had predominantly the morphology of undifferentiated myeloblasts or metamyelocytes, respectively. The GM-CSF-dependent cell lines were sensitive to either GM-CSF or interleukin-3 (IL-3) but did not respond to G-CSF. The G-CSF-dependent cell lines grew to a limited extent in IL-3 but did not respond to GM-CSE These results indicate that the cell line 32D, originally described as predominantly a basophil/mast cell line, has retained the capacity to give rise to cells which proliferate and differentiate in response to Epo, GM-CSF, and/or G-CSE These cells represent the first nontransformed cell lines which can be maintained in growth factors other than IL-3 and which differentiate in the presence of physiologic signals. As such, they may represent a model to study the molecular mechanisms underlying the process of hematopoietic differentiation, as well as sensitive targets for bioassays of specific growth factors.
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D is a diploid interleukin-(IL)~3-dependent cell
line established from long term marrow cultures of C3He/J mice injected with the Friend murine leukemia virus (Greenberger et al., 1980a; Greenberger et al., 1983) . The cells express proteins immunologically related to the gag and env proteins of the family of ecotropic viruses (Ruscetti, S., personal communication) and release into the medium detectable levels of reverse transcriptase (Kreider, B., and G. Rovera, unpublished observation) . However, the cells do not release detectable amounts of infective virus (Greenberger et al., 1980b (Greenberger et al., , 1983 , do not induce tumors when injected into histocompatible recipients (Greenberger et al., 1980b (Greenberger et al., , 1983 and give rise to spontaneously transformed and growth factor-independent cells at extremely low frequency. For these reasons, it is unlikely these cells are actually transformed by Friend murine leukemia virus.
Thus, 32D is considered to be a population of immortalized "normal" hematopoietic progenitors and has been used to study the process of control of normal hematopoiesis and how this control is altered during leukemogenesis. The two most commonly used versions of this cell line have been named 32D cl 23 and 32D cl 3.
In contrast to the cell line B6SutA, which may be induced to form colonies composed of erythroid cells, neutrophilgranulocytes, and basophil-mast cells, 32D was originally described to form colonies composed only of basophil/mast cells (Greenberger et al., 1983) . This result suggested that the cells were already restricted in their differentiative potential. Metcalf (1985) reported that IL-3, but not granulocytemacrophage colony-stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF), or macrophage colony-stimulating factor had the capacity to support survival and colony formation of 32D cl 3. On this basis, 32D cl 23 growth was used to discriminate between the presence of IL-3 and GM-CSF in studies characterizing the cytokines produced by murine stromal cells (Naparstek et al., 1986; Gualtieri et al., 1987) or activated cloned T-lymphocytes (Kelso, 1986) . However, Watson et al. (1986) purified human G-CSF to homogeneity from medium conditioned by the bladder carcinoma cell line 5637 using a bioassay involving the induction of [~H] thymidine uptake of the 32D cl 23 cell line, and Valtieri et al. (1987) reported that pure G-CSF induces DNA synthesis and neutrophil differentiation of 32D cl 3. Furthermore, 32D cl 3, passed several times in medium containing G-CSF and IL-3 (32D cl 3(G)), acquires the capacity to proliferate also in response to GM-CSF (Rovera et al., in press ). However, both 32D cl 3 and 32D cl 3(G) require IL-3 for long term survival (Valtieri et al., 1987; Rovera et al., 1989) . In a similar study, Le Gros et al. (1987) reported that, although 32D cl 23 cells bear only low affinity IL-2 receptors and do not proliferate in response to IL-2 (Koyasu et al., 1986) , they may acquire high affinity IL-2 receptors and the capacity to proliferate in the presence of IL-2 in 1-2 mo of continuous passage in cultures containing IL-2 and IL-3.
The presence of receptors for growth factors other than IL-3 seems to be a common feature of IL-3-dependent cell lines. As examples, low affinity IL-2 receptors have been found not only on 32D cl 23, but also on FDCP-I cell lines (Koyasu et al., 1986) ; high affinity IL-4 receptors have been found on 32D, FDCP-1, NFS-60 (Park et al., 1987; Lowenthai et al., 1988) , and DA-1 (Ohara and Paul, 1987 ) cell lines; and high affinity erythropoietin (Epo) receptors have been found on IC-2, DA-I, and FDCP-2 cell lines (Tsao et al., 1988) .
The studies of receptor expression and the possibility of conditioning the 32D cell line to respond to other growth factors suggest that cells responding to growth factors other than IL-3 are normally generated in IL-3-dependent cell lines although at a very low frequency. This low frequency might not permit the further expansion of these clones in cultures supplemented only with IL-3. Therefore, we devised a selection strategy to isolate clones of 32D cells which proliferate in response to growth factors other than IL-3. This strategy involves the culture of 32D cl 3 or cl 3(G) in FBS-deprived cultures to which pure recombinant Epo, GM-CSF, or G-CSF has been added. With this approach, Epo-, GM-CSF-, or G-CSF-responsive cell lines were repeatedly isolated. We report here the characterization of three Epo-responsive, two GM-CSF-responsive, and two G-CSF-responsive cell lines.
Materials and Methods

Cell Lines
The 32D cl 3 (1) and 32D cl 3(G), that was conditioned to respond to G-CSF by repeated short treatments with G-CSF ) cell lines were maintained by bi-weekly passage in McCoys medium (Gibco Laboratories, Grand Island, NY) modified as described (Greenberger et al., 1979) and supplemented with antibiotics, L-glutamine and pyruvic acid (1% [vol/vol] ; Gibco Laboratories) and horse serum (10% [vol/vol] ; HyClone Laboratories, Logan, UT). Conditioned medium from phytohemagglutininstimulated LBRM 33 cells (Gillis et al., 1980 ) (3% Ivol/voli) was added as a source of IL-3. The cell lines were periodically tested for the presence of mycoplasma contamination with Mycoplasma T.C.II (Gen-probe, San Diego, CA) and were mycoplasma free.
Serum-deprived Cultures
The FBS was replaced by a mixture of nutrients composed of BSA (2 × 10 -a M), BSA-adsorbed cholesterol (12 #g/ml) and soybean lecithin (36 g.g/ml), iron-saturated human transferrin (9 x 10 -6 M), bovine insulin (1.7 x 10 -6 M), nucleosides (!0 #g/ml each), sodium pyruvate (10 -4 M), and L-glutamine (2 x 10 -3 M) as previously reported (Migliaccio and Migliaccio, 1987a,b) . All the reagents were from Sigma Chemical Co. (St. Louis, MO) and prepared as described (Migliaccio and Migliaccio, 1987a) .
Colony Assay
The capacity of the cell lines to form colonies in response to the different growth factors was assessed in semisolid medium containing the following components in Iscove's modified Dulbecco's medium: methylcellulose (0.8% lwt/vol], final concentration), ~-mercaptoethanol (7.5 x 10 -5 M), and the mixture of components described above which replaced the FBS. Colonies containing >--5 x 102 cells per clone were scored at day 8 of culture.
Hematopoietic Growth Factors
CM of PHA-stimulated LBRM 33 cells was prepared under serum-deprived conditions as described (Migliaccio and Migliaccio, 1987b) . The growth factors studied included pure recombinant murine IL-3 (Metcalf et al., 1986a) and murine GM-CSF (Metcalf et al., 1986b ) (provided by J. J. Mermod; Glaxo, Basel, Switzerland), and pure recombinant human Epo (Egrie et al., 1985) and human G-CSF (Souza et al., 1986 ) (Amgen, Thousand Oaks, CA). Unless otherwise stated, PHA-LBRM 33 CM was used at a concentration of 3% (vol/vol). The growth factors were used at concentrations of 10 U/ml for IL-3, I ng/ml for GM-CSE 103 U/ml for G-CSE and 5 U/ml for Epo. These concentrations have been shown previously to be maximally effective in promoting colony formation by purified murine progenitor cells under serum-deprived conditions (Migliaccio et al., 1988; .
C ytochemistry
Cytocentrifuged smears of cells growing in log phase were stained with May-Grunwald/Giemsa or with staining specific for myeloperoxidase, chloroacetate esterase, or nonspecific esterase. All the reagents were obtained from Sigma Chemical Co. and used as recommended by the manufacturer. In some cases, the cells were benzidine stained to determine the presence of hemoglobin (Orkin et al., 1975) .
Northern Analysis
Total RNA was extracted from cells (5-10 x l07) growing in log phase by the guanidinium-isothiocyanate method (Chirgwin et al., 1979) , separated by electrophoresis on a 1.0% agarose/formaldehyde gel and transferred to nylon membranes (Zetabind, Cuno Laboratory Products, Meridian, CT) by Northern blotting (Thomas, 1980) . The membranes were hybridized in the presence of 50% formamide and 20% dextran sulphate to l07 dpm of DNA probe labeled by nick-translation (Betbesda Research Laboratories, Gaithersburg, MD) or random oligonucleotide priming (Amersham International, Amersham, UK) to a specific activity of 4-8 x l08 dpm/mg, and washed at high stringency (0.1 × SSC, 0.1% SDS at 65°C) after established procedures (Thomas, 1980) . The/3-globin probe (Nudel et al., 1977) used was the recombinant plasmid pM G, containing the cDNA of mouse B-major globin. The ~-globin probe and the carbonic anhydrase I (Fraser and Curtis, 1986) and II (Curtis, 1983) probes were kindly provided by Dr. P. Curtis (Wistar Institute, Philadelphia, PA).
Results
Selection of Epo-, GM-CSF-, and G-CSF-dependent Cell Lines from the 32D cl 3 or 32D cl 3(G)
32D cl 3 and cl 3(G) form colonies with a 21-27 % cloning efficiency in FBS-deprived cultures supplemented with PHA-LBRM 33 CM or IL-3 (Table I ). Both cell lines also form colonies in cultures stimulated with GM-CSF or Epo although at a low frequency. 32D ci 3(G), but not 32D cl 3, formed colonies in the presence of G-CSE To isolate the cells which can respond to Epo, GM-CSF, or G-CSF, 2.5 x (vol/vol) . The growth factors were used at concentrations of 10 U/ml for IL-3, 1 ng/ml for GM-CSF, 102 U/ml for G-CSF, and 5 U/ml for Epo. Cells were cultured at a concentration of 10 ~, 104, or 105 cells/ml. The results were pooled and normalized to 104 cells/ml. The results represent the means (+ SD) of three experiments performed in duplicate. * The colonies in these cultures were smaller (~<5 × 102 cells) and mainly composed of dead cells.
Table L Cloning E~iciency of the Various Cell Lines Cultured in the Presence (FBS +) or Absence (FBS-) of Fetal Bovine Serum and with Various Growth Factors
104 32D cl 3 or cl 3(G) cells were cultured in wells containing 1 ml of FBS-deprived medium supplemented with Epo (1 U/ml), GM-CSF (1 ng/ml), or G-CSF (103 U/ml). After 1-2 wk of incubation, virtually all the cells were dead, regardless of the culture conditions. However, signs of cell proliferation were observed between the third and fourth week of incubation. At the end of the fourth week, the wells in which cell proliferation was observed were separately transferred into flasks containing 10 ml of FBS-deprived medium supplemented with the same growth factor initially used in the well cultures. The cells were passed regularly and those which survived for a least eight passages (>1 mo) have been considered lines. A total of six selections were carried out and the results are summarized in Table II . In general, all transfers from microwells to flasks have continued to grow. The only exception have been Epo-dependent cells derived from 32D cl 3(G). When these cells were transferred into flasks, they died after three passages. Three Epodependent (32D Epol, -2, and -3) and two GM-CSF-dependent (32D GM1 and -2) cell lines have been derived from 32D cl 3 with this process. Two GM-CSF-dependent and four G-CSF-dependent cell lines have been derived from 32D cl 3(G). Of these cell lines, only two of the G-CSF-dependent (32D G1 and 2) will be described in detail here. The morphology of some of the cell lines is shown in Fig. 1 . The frequency of the cells in the original population which gave rise to these cell lines is calculated to be approximately one in 1@ cells. We have been unable to obtain G-CSF-dependent cell lines from 32D cl 3 or Epo-dependent cell lines from 32D cl 3(G). The cell lines derived from 32D cells failed to grow in the absence of growth factor (Table I) .
The karyotype analysis of the derived cell lines, as well as of the original 32D cl 3 and cl 3(G), was performed according to standard methods. * All the cytochemical analyses were done on cells obtained at saturation density. 32D cl 3 and cl 3(G) were cultured in the presence of PHA-LBRM 33 CM; 32D Epol, -2, and -3 were cultured in the presence of Epo; 32D GMI and -2 were cultured in the presence of GM-CSF; and 32D GI and -2 were cultured in the presence of G-CSF.
and the other polyploid (modal chromosome No. 78+). The ratio between the two populations was ~1:1. The 32D cl 3(G) cell line had a normal diploid male mouse chromosome complement (Valtieri et al., 1987) . Both cell lines expressed glucose-6-phosphate dehydrogenase, nucleoside phosphorylase, malic dehydrogenase, and lactic dehydrogenase isoenzymes whose electrophoretic mobilities corresponded to the murine isotypes. All the cell lines isolated had a normal diploid male mouse chromosome complement, the modal number being 39,X[-Y]/40,XY. The frequency of aneuploid cells missing the Y chromosome was 30-50%, depending on the particular cell line.
To test the capability of the subclones derived from 32D to give rise to tumors, 10-12-wk-old C3H/HeJ female mice (The Jackson Laboratory, Bar Harbor, ME) were injected intravenously either with medium alone or with medium plus 32D Epol, Epo2, GM1, or GM2 cells (107 cells/mouse, five mice in each group). 11 mo later, 100% of the mice that received medium alone were dead while 100% of the mice that were injected with 32D Epo2, 75 % of the mice that were injected with 32D GM1 or GM2, and 50% of the mice that were injected with 32D Epol, were still alive. The majority of the animals died between 9 and 11 mo from the time of injection. None of the animals showed evidence of solid tumors or leukemia. The living animals were healthy for their age.
The cell lines do not release high levels of reverse transcriptase into the medium.
Characterization of the Epo-dependent Erythroid Cell Lines
The three Epo-dependent cell lines have been passed for >1 yr in cultures supplemented with Epo alone. In these cultures, benzidine-positive cells were routinely detected, although their frequency varied between the cell lines (Table  III) . In the presence of EPO, the cells also formed colonies containing benzidine-positive cells in semisolid medium (Table I) .
To better understand how a cell line could differentiate and still be passed in culture in the presence of EPO, we determined the number of cells which gave rise to colonies in semisolid medium, the percent of benzidine-positive cells, and the total number of cells per flask during passage in liquid culture. A representative experiment using 32D Epol cells is shown in Fig. 2 . This cell line has a saturation density of 10 ~ cells/ml and a mean doubling time in log growth phase of 15 h. The percent of cells able to form colonies goes from a maximum of 50% in the log phase of the culture to a minimum of 10% when the cells have reached saturation density. At the same time, the frequency of benzidine positive cells goes from a minimum of 10-15% at the beginning of the passage to 50-60 % at the end of the culture. These results indicate that at the beginning of the culture the population has a higher proportion of cells with high proliferative potential and which form colonies in semisolid cultures while at saturation density a greater percentage of the cell population is differentiated.
The Epo-responsive cell lines grew equally well in FBSdeprived cultures. However, they differed in their capacity to form colonies in response to Epo or other hematopoietic growth factors (Table I) , in their capacity to grow in FBSsupplemented cultures (Table I and Fig. 3) , alad in the maximal frequency of differentiated cells observed at the end of the passage (Table Ill) .
The cloning efficiency in FBS-deprived cultures supplemented with Epo ranged from 1% for the 32D Epo3 to 30% for the 32D Epol (Table I and Fig. 3 ). Maximal cloning efficiency was observed between 0.3 and 1.0 U of Epo/ml for all the cell lines.
One of the cell lines, 32D Epo2, cloned equally well in the presence of Epo or IL-3 and also formed colonies in the presence of GM-CSF or G-CSF, but only at a low frequency and only under FBS-deprived conditions (Table I) . The other two cell lines, 32D Epol and 3, did not respond to GM-CSF or G-CSF and formed colonies in the presence of IL-3 with a cloning efficiency that was one-tenth to one-third that of 32D cl 3 or to their cloning efficiency in Epo-supplemented cultures (Table I and plemented with Epo, IL-3, or with both (data not shown). The colonies formed in the presence of IL-3 alone were always benzidine negative (data not shown).
The effect of the presence of FBS was again variable. 32D Epol formed more colonies in the presence of FBS while 32D Epo2 formed slightly more colonies in FBS-deprived cultures. 32D Epo3 failed to grow in the presence of FBS (Fig. 3) .
The heterogeneity in the capacity of the cells to differentiate in response to Epo was reflected also by the erythroid markers detected by Northern analysis. In the presence of Epo, 32D Epol contained detectable mRNAs for/3-globin and carbonic anhydrase I while 32D Epo2 contained detectable message for carbonic anhydrase I only (Fig. 5) . Neither cell line contained mRNA for carbonic anhydrase I1 (data not presented). The original 32D cl 3, as well as 32D cl 3(G), failed to express detectable transcripts for these two genes (Fig. 5) .
The erythroid lines were negative for the myeloid markers investigated (Table III) .
Characterization of the GM-CSF-and G-CSF-dependent Cell Lines
The myeloid cell lines have been passed for >1 yr in FBSdeprived cultures supplemented only with GM-CSF or G-CSE Their growth properties (saturation density; mean doubling times) were similar to those shown in Fig. 2 for the Epo-dependent cell lines.
In the presence of GM-CSE the GM-CSF-dependent cell lines had a cloning efficiency of ~20% (Table I and Fig. 6  a) . They responded equally well to IL-3 but did not grow in G-CSF (Table I and Fig. 4 ). Their morphology (Fig. 1 c) is generally that of myeloblasts which express nonspecific esterase at high frequency (13%) and myeloperoxidase and chloroacetate esterase at low frequency (1-2%) ( Table III) .
The G-CSF-dependent cell lines grew only in cultures deprived of FBS (Table I and Fig. 6 b) . The factor present in the FBS that inhibits their growth has not been identified. In the presence of G-CSE the G-CSF-dependent cell lines had a cloning efficiency of '~20% (Table I) . They did not grow in cultures supplemented with GM-CSF and died after a few divisions in cultures supplemented with IL-3 (Table I) . Their morphology (Fig. 1 d) is predominantly that of myelocytes and neutrophilic metamyelocytes which express nonspecific esterase, myeloperoxidase, and, at high frequency (29-44%), chloroacetate esterase (Table III) .
Discussion
Growth factor-dependent cell lines represent a useful tool to study the biochemistry of the intracellular pathway of signal transduction. Although at least several different growth factors mediate proliferation and differentiation of hematopoietic cells (Metcalf, 1986; Clark and Kamen, 1987) , most of the nontransformed hematopoietic cell lines described are IL-3 dependent. Epo-dependent (Branch et al., 1987; Saka- , 1987) and GM-CSF-or G-CSF-dependent (Weinstein et al., 1986) cell lines have been reported. However, these cell lines are tumorigenic and differentiate poorly, if at all, in the presence of physiologic stimuli. Cell responsiveness to growth factors may be assessed by several criteria; these are (in order of increasing stringency): incorporation of tritiated thymidine, increment in the number of cells after short term incubation in suspension culture, and induction of colony formation in semisolid cultures or maintenance of the cell line, over a period of months, in suspension culture. These criteria are related to the capacity of a growth factor to initiate, in order, DNA synthesis, cell progression along the cell cycle, proliferation events which result in cells capable of at least limited proliferation, and proliferation events which result in self-renewal. A further criterion of cell responsiveness to a growth factor is the induction of specific gene expression. It is not clear if these different effects are mediated through the activation of at least partially different intracellular pathways or are dependent on the intrinsic program of the target cell.
It is well-known that IL-3-dependent cells may be conditioned to respond to other growth factors. In fact, IL-3-dependent cell lines cultured for 1-2 mo in the presence of IL-3 plus another growth factor, such as IL-2 (Le Gros et al., 1985) , G-CSF , or Epo (Sakaguchi et al., 1987; Branch et al., 1987) 2-conditioned 32D cl 23 cells in suspension culture but the morphology of these cells is unchanged from the morphology of the same cells growing in IL-3. G-CSF induces neutrophil differentiation of G-CSF-conditioned 32D cl 3 cells but is unable to sustain their proliferation for more than four to five divisions. EPO induces proliferation of Epo-conditioned DA-1 cells but has no effect on their differentiation. Another example is the FDCP-1 cell line which, when established, did not grow in GM-CSF (Dexter et al., 1980) and may have acquired this capacity during passage in WEHI-3 conditioned medium which contains both IL-3 and GM-CSE FDCP-1 does not differentiate in GM-CSF, however. The cell lines presented here are the first immortalized lines which grow indefinitely in FBS-deprived cultures supplemented with Epo, GM-CSF, or G-CSF and which partially differentiate along the appropriate lineages in the presence of these growth factors. Furthermore, we have not found significant differences between the concentrations of the growth factors which induce plateau colony growth of these cell lines and the corresponding concentrations required for plateau colony growth of normal murine progenitor cells under the same culture conditions (Migliaccio et al., 1988 . The features of the Epo-, GM-CSF-, and G-CSF-dependent cell lines are consistent with what is known of the biological activity of the growth factors on murine cells. The Epo-dependent cell lines acquire the morphology of erythroblasts, are positive for carbonic anhydrase I and/or/3-globin gene expression, and are negative for myeloperoxidase and chloroacetate esterase. The GM-CSFand G-CSF-dependent cell lines have predominantly the morphology of myeloblasts or metamyelocytes, respectively. They are positive for myeloperoxidase and chloroacetate esterase and negative for fl-globin and carbonic anhydrase gene expression. Interestingly, a fraction of the GM-CSF-dependent cells resembles monoblasts. We have not analyzed these ceils for the expression of markers specific for this lineage. These data suggest that the Epo-dependent erythroid or GM-CSF-and G-CSF-dependent myeloid cell lines represent two subpopulations of cells committed toward erythroid or myeloid differentiation, respectively. Consistent with this is the fact that, in general, the erythroid cell lines do not clone in the presence of GM-CSF or G-CSF and the myeloid cell lines do not clone in the presence of Epo. Furthermore, it has not been possible to date to isolate GM-CSF-or G-CSFdependent cell lines from the Epo-dependent line or vice versa.
The three erythroid cell lines are heterogeneous with respect to sensitivity to other hematopoietic growth factors and the degree of differentiation observed in culture. 32D Epo2 grows equally well in Epo and IL-3, and responds to some extent to GM-CSF and G-CSE At the beginning of the passage, these cells do not express levels of/3-globin message detectable by Northern analysis but express carbonic anhydrase I, a gene activated at an early stage of erythroid differentiation. At the end of the passage, only 5-10% of the 32D Epo2 cells are benzidine positive. In contrast, 32D Epol has a lower cloning efficiency in IL-3 than in Epo, does not respond to GM-CSF or G-CSF, expresses detectable levels not only of carbonic anhydrase I but also of fl-globin message, and >50 % of the cells are benzidine-positive at the end of passage. These results suggest that 32D Epol is more differentiated than 32D Epo2.
The mechanism underlying the conditioning of IL-3-dependent cell lines to respond to other growth factors may be represented either by induction of a high affinity type of receptor, as is the case for IL-2 (De Gros et al., 1987) , or by increasing an otherwise low number of high affinity receptors, as is the case for Epo (Sakaguchi et al., 1987) . On the parental line 32D cl 3, Epo receptors are almost undetectable. In contrast, '~400 high affinity Epo receptors are detectable on the 32D Epol cell line . This number of receptors is comparable to the number present on the normal rodent erythroid colony-forming unit (Mayeux et al., 1987; Mufson and Gesner, 1987) .
For most of the IL-3-dependent cell lines described, nothing is known of the molecular events which led to cell immortalization. One exception is the NFS-60 cell line (Weinstein et al., 1986) , which was obtained from mice infected with the CasBrM virus. This cell line expresses a truncated version of the myb protein because the long terminal repeat sequences of the virus are inserted into the c-myb locus.
Regardless of the molecular event which led to immortalization of the IL-3-dependent cell lines, the stochastic model of hematopoietic differentiation (Korn et al., 1973) predicts that the result is an increased frequency of self-replicative cell divisions. Differentiative cell divisions, however, would still be possible, and cells responding to hematopoietic growth factors other than IL-3 would be continuously generated in culture, although at a low frequency. This prediction was verified in our experiments. Epo-, GM-CSF-, and G-CSFdependent cell lines were regularly isolated from 32D cl 3 and cl 3(G). The frequency of the cells which give rise to these cell lines in the original cell lines is very low, approximately one in 10 --s cells. This frequency is lower than the frequency of cells which give rise to colonies in response to Epo, GM-CSF, or G-CSF in the same cell populations and which correspond to approximately one in 102-104 cells. This suggests that only a fraction of cells which proliferate in response to Epo, GM-CSF, or G-CSF have the capacity to self-replicate in response to these growth factors. Our results also indicate that the original immortalization event is inherited in a dominant fashion by 32D cells, although by a minority of them, independent of the stimulus to which they became programmed to respond. For these reasons, it is unlikely that such an event involves the cellular postreceptor pathway.
In conclusion, the immortalized cell lines described here may be classified at different stages of hematopoietic differentiation on the basis of the growth factors to which they respond, the level and the type of differentiation that they achieve, and the possibility to generate cells which respond to factor(s) different from that in which they normally grow. Since these cell lines all have the same genotype, but apparently are "committed" to different differentiation programs, they may prove useful in studies of the biochemical and molecular events underlying the process of hematopoietic differentiation.
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